HIV protease inhibitors activate the unfolded protein response in macrophages: implication for atherosclerosis and cardiovascular disease.
Human immunodeficiency virus (HIV) protease inhibitors have been successfully used in highly active antiretroviral therapy for HIV-1 infection. Treatment of patients infected with HIV with HIV protease inhibitors is unfortunately associated with a number of clinically significant metabolic abnormalities and an increased risk of premature atherosclerosis and myocardial infarction. However, the cellular/molecular mechanisms of the HIV protease inhibitor-induced lipid dysregulation and atherosclerosis remain elusive. Macrophages are the most prominent cell type present in atherosclerotic lesions and play essential roles in both early lesion development and late lesion complications. In this study, we demonstrate that three different HIV protease inhibitors (ritonavir, indinavir, and atazanavir) induce endoplasmic reticulum stress and activate the unfolded protein response in mouse macrophages. Furthermore, at therapeutic concentrations (5-15 microM), these HIV protease inhibitors were found to increase the levels of transcriptionally active sterol regulatory element binding proteins, decrease endogenous cholesterol esterification, cause the accumulation of free cholesterol in intracellular membranes, deplete endoplasmic reticulum calcium stores, activate caspase-12, and increase apoptosis in macrophages. These findings provide possible cellular mechanisms by which HIV protease inhibitors promote atherosclerosis and cardiovascular disease in HIV-1 infected patients treated with HIV protease inhibitors.